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DESCRIPTION 



INVERTER DEVICE 



5 TECHNICAL FIELD 

The present invention relates to an inverter device 
for driving a motor at an arbitrary frequency. 

BACKGROUND ART 



induction motor and a synchronous motor generally includes 
an output-voltage calculating unit that calculates an 
output voltage command in each calculation period, based on 
a frequency command value input to drive a motor and a 

15 state quantity of the motor detected; a PWM-pattern 

generating unit that outputs a PWM (pulse-width modulation) 
signal based on a comparison between an output-voltage 
command value output by the output-voltage calculating unit 
and a triangular wave signal; and a switching unit that 

20 switches a direct voltage according to the PWM signal 

output by the PWM-pattern generating unit and supplies an 
alternating voltage with a predetermined frequency to the 
motor. However, the waveform of the alternating voltage 
output by the switching unit becomes a staircase pattern, 

25 and hence, for the purpose of reducing current ripple or 
the like, various devices are proposed so as to allow the 
waveform of an output voltage to approach a sine wave as 
close as possible. 



30 of obtaining a smooth output voltage by dividing a 

difference AV, between an output-voltage command value VI 
calculated in one calculation period and an output-voltage 
command value V2 calculated in the next one calculation 
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An inverter device for driving a motor such as an 



For example. Patent document 1 discloses a technology 
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period, by the number N of vertices of a triangular wave 
signal included in one calculation period, and by linearly 
complementing and changing an amplitude value of each of 
the output-voltage command values, by AV/N each, at each 
5 vertex of the triangular wave signal included in the 

calculation period, to thereby change the output-voltage 
command value from a staircase pattern to a linear pattern. 
The above Patent document 1 is as follows. 
Patent document 1: Japanese Patent Application Laid- 

10 Open No. H6-22556 

In the above technology described in Patent document 1 , 
however, a code indicating a direction of voltage change in 
one calculation period is fixed. Therefore, as shown in 
Fig. 1, if the direction of voltage change is reversed in 

15 the middle of the one calculation period, an output-voltage 
command value indicating such a change cannot be obtained. 
This case is specifically explained with reference to Fig. 
1, Fig. 1 is a diagram of the comparison between a 
changing waveform of an output voltage command that is 

20 desired to actually output and a changing waveform of an 
output voltage command that is actually output. 

Fig. 1(1) illustrates a correlation between a changing 
waveform 1 of the output voltage command that is desired to 
actually output and a triangular wave signal 2 in one 

25 calculation period. Fig. 1(2) illustrates a correlation 

between a changing waveform 3 of the output voltage command 
that is actually output and the triangular wave signal 2 in 
one calculation period- As shown in Fig. 1, an amplitude 
value of the output voltage command in one calculation 

30 period is changing by each AV/N at each vertex of the 
triangular wave signal 2. 

When vertices (e.g., a maximum value point on the 
positive side) of the sine wave are included in one 
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calculation period as shown in Fig. 1(1), the changing 
waveform 1 of the output voltage command, which is actually 
desired to be output, becomes a staircase waveform in which 
an upward staircase is followed by a downward staircase 
5 portion 4 in the one calculation period. On the contrary, 
in the technology described in the Patent document 1, 
because the direction of voltage change is one direction in 
the one calculation period as shown in Fig. 1(2), the 
changing waveform 2 of the output voltage command^ which is 

10 actually output, is only an upward staircase pattern. 

Therefore, the changing waveform 2 becomes a waveform of 
the upward staircase in an area 5 corresponding to the 
downward staircase portion 4 in the changing waveform 1 of 
the output voltage command, which is actually desired to be 

15 output as shown in Fig, 1(1). 

To avoid this pattern^ an area divided by a dotted 
line needs to be reduced by one portion so that the 
downward staircase portion 4 of Fig. 1(1) is included in 
the next calculation period, namely, the calculation period 

20 is shortened- Alternatively, the calculation period needs 
to coincide with the phase of the sine wave by shifting the 
phase of the sine wave to the right as the whole. To 
implement this, in the former case, a CPU that calculates 
an output voltage command needs to be upgraded, which 

25 causes an increase in cost. In the latter case, the 
processing load increases. 

Fig. 2 is a diagram of the comparison between an 
output voltage waveform and a sine waveform. Fig. 2 
illustrates a waveform of an output voltage 8 when 1/4 

30 cycle of a sine wave 7 is set to one calculation period. 
As shown in Fig. 2, a voltage between calculation periods 
is obtained by linear complement. Therefore, the output 
voltage 8 is output as a voltage that linearly changes 
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between calculation periods. At this time^ if an output 
frequency is low, the calculation period with respect to 
the cycle of the sine wave becomes sufficiently short, 
which allows the sine wave to be divided into fine 
5 intervals- Therefore, deviation from the sine wave is 
small even by the linear complement, but if the output 
frequency is high, the calculation period becomes 
comparatively long. Therefore, in the conventional 
technology, it becomes difficult to approximate a fine 

10 curve of the sine wave, which causes the deviation from the 
sine wave to become significant. 

The present invention has been achieved in view of the 
above problems, and it is an object of the present 
invention to obtain an inverter device capable of 

15 approaching the waveform of an output voltage closer to a 
sine wave irrespective of whether output frequency is high 
or low, as compared with the conventional technology, and 
of reducing the processing load of a CPU that calculates an 
output voltage command. 

20 

DISCLOSURE OF INVENTION 

In the present invention, an inverter device includes 
an output-voltage calculating unit that calculates an 
output voltage command based on a frequency command value 

25 for driving a motor and a state quantity of the motor, in 

each calculation period; a PWM-pattern generating unit that 
outputs a PWM signal according to an output-voltage command 
value output by the output-voltage calculating unit; and a 
switching unit that switches a direct voltage according to 

30 the PWM signal output by the PWM-pattern generating unit 
and supplies an alternating voltage with a predetermined 
frequency to the induction motor. The output-voltage 
calculating unit includes a function of calculating a 
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plurality of output-voltage command values in which 
amplitudes are the same as each other but only phase 
advances under a fixed condition, in each calculation 
period. 

5 According to the present invention, the output-voltage 

command value in which only the phase advances is updated a 
plurality of times within a calculation period. Therefore, 
even if there are a small number of calculation periods in 
the cycle of a fundamental wave of an output voltage, it is 

10 possible to obtain an output voltage with a waveform closer 
to the sine wave. Therefore, the current ripple is reduced 
more as compared with the conventional technology, thus 
achieving torque ripple reduction and efficiency increase. 
Furthermore, a CPU that calculates the output voltage 

15 command only needs to add a function of calculating a 

plurality of output-voltage command values in which only 
the phase advances. Therefore, the processing load of the 
CPU can be reduced, thus, there is no need to use an 
expensive CPU. 

20 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a diagram of the comparison between a 
changing waveform of an output voltage command that is 
actually desired to be output and a changing waveform of an 
25 output voltage command that is actually output; 

Fig. 2 is a diagram of the comparison between an 
output voltage waveform and a sine waveform; 

Fig. 3 is a block diagram of the configuration of an 
inverter device according to one embodiment of the present 
30 invention; 

Fig. 4 is a flowchart for explaining the operation of 
an output voltage calculator shown in Fig. 3; 

Fig. 5 is a time chart for explaining a specific 
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example of operations for generating a plurality of output 
voltage commands in one calculation period in the output 
voltage calculator shown in Fig. 3; 

Fig. 6 is a time chart for explaining the operations 
5 of a PWM pattern generator (ASIC) shown in Fig. 3; and 

Fig. 7 is a waveform diagram of the comparison between 
an output voltage obtained by the inverter device shown in 
Fig. 3 and an output voltage based on the conventional 
technology . 

10 

BEST MODE(S) FOR CARRYING OUT THE INVENTION 

Exemplary embodiments of an inverter device according 
to the present invention are explained in detail with 
reference to the accompanying drawings . 

15 Fig. 3 is a block diagram of the configuration of an 

inverter device according to one embodiment of the present 
invention. The inverter device of Fig. 3 includes an 
output voltage calculator 10, a PWM pattern generator 11 
that receives an output of the output voltage calculator 10, 

20 and a switching circuit 12 that receives an output of the 
PWM pattern generator 11. The switching circuit 12 is 
connected with a motor (an induction motor or a synchronous 
motor) 13. The motor 13 is shown here as a three-phase 
motor . 

25 The output voltage calculator 10 includes a central 

processing unit (hereinafter, "CPU") 14 that creates 
various types of data, and a data transmitter 15 being an 
interface for transmitting the data created to the PWM 
pattern generator 11. 

30 To the CPU 14, a frequency command 16 for driving the 

motor 13 and a state quantity 17 of the motor 13 are input 
from the outside. The state quantity 17 includes a current 
value as a main value when the motor 13 is an induction 
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machine, and further includes a speed value added to the 
main value when the motor 13 is a synchronous machine. The 
current value is detected by fixing a current detector (a 
current transformer and a resistor, etc.) to an electric 
5 wire. The speed value is detected by fixing an encoder to 
the rotary shaft of the motor 13. In this specification, 
the motor 13 is the induction machine and the state 
quantity 17 is the current value. 

The CPU 14 loads the state quantity 17 of the motor 13 

10 detected in each calculation period, and calculates an 

output voltage command (voltage data) based on the state 
quantity 17. Further, the CPU 14 creates triangular-wave 
amplitude data for providing the cycle of a triangular wave 
signal being a carrier wave for obtaining a PWM signal, and 

15 reflection timing data for providing the number of vertices 
of a triangular wave signal for defining intervals of 
reflection . 

At this time at which an output voltage command is to 
be calculated, the CPU 14 calculates a plurality of output- 

20 voltage command values in which the amplitudes are the same 
as each other but only the phase advances in the 
calculation period under a fixed condition. In the 
embodiment, three output-voltage command values are 
obtained as the output-voltage command values . 

25 As a result of this, the data (voltage data, 

triangular-wave amplitude data, reflection timing data, 
etc.) created is transmitted from the data transmitter 15 
to the PWM pattern generator 11. A synchronization signal 
for synchronization between the calculation period and the 

30 reflection timing is also transmitted thereto. 

The PWM pattern generator 11 is implemented by ASIC 
being a dedicated semiconductor integrated circuit. An 
ASIC 11 includes a data receiver 21 being an interface, a 



buffer A22, a buffer B23, a buffer C24, a reflection timing 
register 25, a triangular wave counter 26, and a comparator 
28. 

The data receiver 21 loads the data (voltage data, 
5 triangular-wave amplitude data, reflection timing data, 
etc.) created in the CPU 14, outputs the voltage data to 
the buffer A22, the buffer B23, and the buffer C24, 
respectively, to be temporarily stored. At this time, when 
there is one voltage data, the one voltage data is output 

10 to the three buffer A22, the buffer B23, and the buffer C24. 
However, if there are three voltage data, the three voltage 
data are output to the three buffer A22, the buffer B23, 
and the buffer C24, respectively, in the time-series order. 
Furthermore, the data receiver 21 outputs the 

15 reflection timing data loaded, to the reflection timing 

register 25, and outputs the triangular-wave amplitude data 
to the triangular wave counter 26. A voltage register 27 
uses the reflection timing data stored in the reflection 
timing register 25. The triangular wave counter 26 

20 increments or decrements the counter according to the 

triangular-wave amplitude data to generate a triangular 
wave, and supplies the triangular wave created to the 
comparator 2 8 . 

The voltage register 27 loads the data stored in the 

25 buffer A22, the buffer B23, and the buffer C24 in the time- 
series order based on the synchronization signal and the 
reflection timing data, stores them for a fixed period 
(period for a predetermined number of vertices of a 
triangular wave signal) , respectively, and supplies the 

30 data to the comparator 28. 

The comparator 2 8 compares a value of the voltage 
register 27 with a value of the triangular wave counter 26, 
and outputs a PWM command, being a pulse signal of which 
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pulse width is changed, to the switching circuit 12. 

The switching circuit 12 performs on-off operation 
according to the PWM command output by the PWM pattern 
generator (ASIC) 11 so that three upper-arm switching 
5 elements and three lower-arm switching elements do not 
mutually overlap each other, creates a three-phase 
alternating voltage with a predetermined frequency from a 
direct voltage of -fV, and supplies the voltage to the motor 
13. 

10 The operation of the inverter device according to the 

embodiment is explained below with reference to Fig. 3 
through Fig. 7. An overall calculation operation in the 
output voltage calculator is explained first with reference 
to Fig. 4. Fig. 4 is a flowchart for explaining the 

15 operation of the output voltage calculator shown in Fig. 3. 
In Fig. 4, the CPU 14 decides a frequency of a 
triangular wave signal, being a carrier wave of a PWM 
signal, based on the frequency command 16 received, and 
creates triangular-wave amplitude data (step STl) . Then, 

20 the CPU 14 executes processes at step ST2 to step ST12 in 
each calculation period of a predetermined time period AT, 
to obtain a three-phase alternating output-voltage command 
value V (Vu, Vv, Vw) . 

In other words, the CPU 14 detects a current value 

25 which is the state quantity 17 of the motor (step ST2) , and 
converts current coordinates to a rotating orthogonal 
coordinate system in which d axis-q axis are set to two 
axes orthogonal to each other (step ST3) . Then, the CPU 14 
calculates a phase 9 in the sine wave in the calculation 

30 period from the rotating coordinates (step ST4) . Herein, 

in the embodiment, the phase 0 in one calculation period of 
the time period AT is divided into three parts, such as a 
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phase (hereinafter, "pre phase") 01 in a first time period 
AT/3, a phase (hereinafter, "center phase") 02 in a second 
time period AT/3, and a phase (hereinafter, "post phase") 
03 in a third time period AT/3, and each output-voltage 
5 command value in the respective phases is obtained (see Fig. 
5) . Therefore, at step ST4, the CPU 14 obtains the center 
phase 02 . 

Then, the CPU 14 obtains a voltage Vd and a voltage Vq 
as direct current (step ST5) , and determines whether there 

10 is any phase change (step ST6) . In general, an amplitude 

value at time t of the sine wave that rotates at an angular 
frequency co is expressed by Asin cot based on the amplitude 
A, the angular frequency co, and the time t, and the phase 0 
at this time is cot. Because the time t is an integration 

15 of time periods AT including calculation periods, the phase 
0 becomes 0=(oZAT. A phase change amount A0 between 
calculation periods is A0=coAT . Therefore, at step ST6, an 
angular frequency (o of an output voltage is monitored to 
enable determination on the phase change amount, and it is 

20 possible to determine in which phase of the sine wave the 

calculation period is included. It is noted that the phase 
0 is an integration of phase change amounts A0, i.e., 0=SA0. 

For example, if the phase change amount is a 
predetermined value or less, it is determined that there is 

25 no phase change (step ST6 , No). In this case, 02=01=03, 

and hence, a voltage V2 in the center phase 02 is obtained 
through voltage coordinate conversion (step ST7) , and both 
a voltage VI in the pre phase 01 and a voltage V3 in the 
post phase 03 are set to a value equal to the voltage V2 

30 without calculation (step ST8) , and the value is set to the 
output-voltage command value V (Vu, Vv, Vw) in the 
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calculation period. The procedure at step STl to step ST4 , 
step ST7, and step ST8 is a conventionally executed one. 

However, in the conventional technology, because there 
is no idea that the phase in one calculation period is 
5 divided, the phase 9 in the calculation period is obtained 
at step ST4 . Step ST8 is a procedure newly generated when 
the phase in one calculation period is divided in the 
embodiment. Therefore, in the embodiment, the process, 
which is added when one output voltage command is 

10 calculated in one calculation period in the same manner as 
the conventional technology, is the procedure executed at 
step ST8, and there is an extremely small amount of 
increase in the process. 

On the other hand, if the phase change amount exceeds 

15 the predetermined value, it is determined that there is any 
phase change (step ST6 : Yes), and the CPU 14 obtains the 
pre phase 91 and the post phase 93, respectively (step ST9) , 
and further obtains an output-voltage command value VI (Vul , 
Vvl , Vwl) in the pre phase 91, an output-voltage command 

20 value V2 (Vu2, Vv2 , Vw2) in the center phase 92, and an 

output-voltage command value V3 (Vu3 , Vv3 , Vw3) in the post 
phase 93, respectively, through voltage coordinate 
conversion (step STIO to step ST12) . 

The operations at step ST4 and step ST9 to step ST12 

25 are explained below with reference to Fig. 5. Fig. 5 is a 
time chart for explaining a specific example of operations 
for generating a plurality of output voltage commands in 
one calculation period in the output voltage calculator 
shown in Fig. 3. In Fig. 5, the vertical axis is phase 0 

30 and the horizontal axis is time t. 

In Fig. 5, there are shown two successive calculation 
periods 31 and 32 with respect to an analog phase 9ana 



linearly rising from bottom left to top right at a certain 
angle, in a first-half cycle in a positive half cycle of 
the sine wave. Each time period of calculation periods is 
expressed by AT. 

In the calculation period 31, the phase changes in the 
order of a pre phase 011 in a first time period AT/3, a 
center phase 912 in a second time period AT/3, and a post 
phase 913 in a third time period AT/3 . In the calculation 
period 32, the phase changes in the order of a pre phase 
921 in a first time period AT/3, a center phase 922 in a 
second time period AT/3, and a post phase 923 in a third 
time period AT/3. 

In each of the calculation period 31 and the 
calculation period 32, respective change amounts of the pre 
phase 91 and the post phase 93 with respect to the center 
phase 92 are equal to each other, which is A9/3. A phase 
change amount (phase advance portion) A9 between the 
calculation period 31 and the calculation period 32 is 
given as a difference between the center phase 012 and the 
center phase 922, which is A9=coAT, as explained above. 

The calculation period 32 is explained below as one 
example. In the conventional technology, the phase 9 
obtained at step ST4 of Fig. 4 is the center phase 922, and 
this phase is the phase as the whole of one calculation 
period. In the embodiment, however, the phase 0 is divided 
into three parts and calculated. More specifically, the 
phases of the three parts are obtained by first obtaining 
the center phase 922 at step ST4 of Fig. 4 using the 
conventional technique, and then obtaining the pre phase 
921 when -AT/3 and the post phase 923 when +AT/3, based on 



the center phase 022 as a center^ at step ST9 of Fig. 4. 

The phase advance portion A9 is obtained by a product 
coAT of the angular frequency and the time period of the 
calculation period, as explained above. Therefore, if the 
output frequency does not change within the calculation 
period, the pre phase 021 and the post phase 023 can be 
calculated, respectively, at step ST9 of Fig. 4, as 
follows : 

021=022-coAT/3=022-A0/3 

023=022+G)AT/3=022+A0/3 

At step STIO to step ST12 of Fig. 4, three output- 
voltage command values corresponding to one calculation 
period of a time period AT are calculated respectively 
using the three phases obtained in the above manner. This 
allows only the phase of each output voltage of the 
inverter in one calculation period of the time period AT to 
be changed by a time period of AT/3 each. 

Fig. 6 is a time chart for explaining the operations 
of a PWM pattern generator (ASIC) shown in Fig. 3. In Fig. 
6, there are shown the operations of the components in the 
ASIC 11 when the CPU 14 transmits the following data to the 
ASIC 11, such as a synchronization signal 41, three voltage 
data Vll, V12, and V13, reflection timing 42, 43, and 44 of 
each time period AT corresponding thereto, and data for a 
triangular wave signal 45, in the calculation period 31 
shown in Fig. 5. 

When the calculation process of the voltage data Vll, 
V12, and V13 is finished in the calculation period 31 of 
the time period AT, the CPU 14 immediately performs a 
transmission process and quickly transmits the voltage data 
Vll, V12, and V13 together with other data to the ASIC 11, 
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and allows the ASIC 11 to store them in the buffers. 
Thereafter, the synchronization signal 41 is transmitted. 

Therefore, as shown in Fig. 6, in the ASIC 11, in the 
calculation period 31 of the time period AT, the voltage 
5 data Vll is first stored in the buffer A22, the voltage 

data V12 is stored in the buffer B23, and then, the voltage 
data V13 is stored in the buffer C24. 

The voltage register 27 fetches the voltage data Vll 
from the buffer A22 in response to the synchronization 

10 signal 41, stores the data for a time period At of the 

reflection timing 42, and then outputs the data. When the 
time period At of the reflection timing 42 has elapsed, the 
voltage register 27 fetches the voltage data V12 from the 
buffer B23, stores the data for a time period At of the 

15 reflection timing 43, and then outputs the data. Likewise, 
when the time period At of the reflection timing 43 has 
elapsed, the voltage register 27 fetches the voltage data 
V13 from the buffer C24, stores the data for a time period 
At of the reflection timing 44, and then outputs the data. 

20 The comparator 28 reflects the voltage data Vll, V12, 

and V13 respectively in the triangular wave signal 45 which 
is an output of the triangular wave counter 26, in the 
respective time periods At of the reflection timing 42, 43, 
and 44, and outputs a PWM signal 46 to the switching 

25 circuit 13. Herein, each time period At of the reflection 
timing 42, 43, and 44 indicates a period during which a 
predetermined number (three in the example of Fig. 6) of 
vertices of the triangular wave signal 45 has passed, and 
the start point and the end point thereof synchronize to 

30 the vertices of the triangular wave signal 45. 

In this manner, the three output-voltage command 
values calculated by the CPU 14 within the time period AT 
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of one calculation period are automatically reflected at a 
timing specified by the CPU 14 in the ASIC 11, and a PWM 
signal is created. The CPU 14 only specifies the 
reflection timing and does not perform reflection process, 
5 and hence, the processing load is reduced. 

Fig. 7 is a waveform diagram of the comparison between 
an output voltage obtained in the inverter device shown in 
Fig. 3 and an output voltage based on the conventional 
technology. Fig. 7(1) indicates a waveform of the output 
10 voltage obtained by the conventional technology. Fig. 7(2) 
indicates a waveform of the output voltage obtained by the 
embodiment . 

As is clear from the explanation of the operations 
with reference to Fig. 4, in the conventional technology, 

15 one output-voltage command value is obtained in each 

calculation period (time period AT) . Therefore, when the 
output frequency becomes high and the calculation period 
become relatively long, the waveform of the output voltage 
becomes a staircase-shaped waveform in which the steps are 

20 significant, as shown in Fig. 7(1). 

On the other hand, in the embodiment, in the 
calculation period (time period AT) in which the phase 
change amount exceeds, for example, a predetermined value 
as shown in Fig. 7(2), only the phase is divided into three 

25 parts, and three output-voltage command values are obtained 
one by one in each time period AT/3, such as VI (01) , V2 
(03) , and v3 (03) , and a PWM signal is generated for each 
value. Therefore, even if the output frequency becomes 
high and the calculation period becomes relatively long, 

30 the steps in the staircase-shaped waveform can be made 

smaller, which allows the waveform to approach a smoother 
sine wave. 
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The case where the phase is divided into three parts 
to obtain three output voltage commands is explained for 
convenience in explanation. However, the number of output 
voltage commands capable of being reflected per one 
5 calculation period can be selected if necessary according 
to the throughput of the CPU 14 and the memory size of the 
ASIC 11, and can also be changed arbitrarily according to 
need. 

As explained above, in the embodiment, the output- 

10 voltage command value in which only the phase advances is 
updated a plurality of times within a calculation period. 
Therefore, even if there are a small number of calculation 
periods in the cycle of a fundamental wave of an output 
voltage, it is possible to obtain an output voltage with a 

15 waveform closer to the sine wave. Therefore, the current 
ripple is reduced more as compared with the conventional 
technology, thus achieving torque ripple reduction and 
efficiency increase . 

The CPU that calculates an output voltage command only 

20 needs to add the function of calculating a plurality of 
output-voltage command values in which only the phase 
advances. Thus, the increase in the calculation amount is 
comparatively small. In addition, the operation for 
updating the output-voltage command value a plurality of 

25 times is performed in the ASIC 11, which is a semiconductor 
integrated circuit, without performance of processes in the 
CPU. This allows reduction in the processing load of the 
CPU, and in addition to this, the calculation period is not 
reduced, and hence, there is no need to use an expensive 

30 CPU. 

The explanation made so far indicates the case where 
the phase is divided into a plurality of parts in a 
calculation period in which a phase change amount exceeds 



the predetermined value, but if the cycle of an output 
voltage is sufficiently large with respect to the 
calculation period, that is, if the output frequency is low, 
a large number of calculation periods are included in one 
cycle of the fundamental wave of an output voltage, and a 
plurality of output-voltage command values are calculated. 
Thus, a waveform satisfactorily close to the sine wave can 
be obtained without outputting a voltage in which a 
plurality of phases advance in one period of the 
calculation period. 

At step ST6 of Fig. 4, therefore, it is not determined 
whether the phase is changed, but it is determined whether 
a frequency command value input to drive the motor is 
smaller or greater than a predetermined value. If the 
frequency command value is greater than the predetermined 
value, a larger number of output-voltage command values 
than the case where it is smaller than the predetermined 
value are calculated. Alternatively, if the frequency 
command value is greater than the predetermined value, a 
plurality of output-voltage command values may be 
calculated, and if it is smaller than the predetermined 
value, one output-voltage command value may be calculated 
in the same manner as the conventional technology. 

As the latter example, for example, if it is 
sufficient that the calculation period is 500 ^iseconds and 
18 voltage changes are obtained in one calculation period 
of output voltage, at step ST6, the process for negative 
(No) is performed so as not to divide the phase into a 
plurality of parts in an area of an output frequency of 
1/(500 |axl8)=lll.ll Hz or less. And if the area of the 
output frequency is more than that, a smaller number of 
calculation periods are included in one cycle of the 
fundamental wave of the output voltage. Therefore, to 
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allow update of the voltage to be more quickly performed, 
the process for positive (Yes) is performed so as to divide 
the phase into a plurality of parts and calculate the parts, 
to thereby increase the number of outputs of the output 
5 voltage commands in the calculation period. 

According to this, the calculation load in a low-speed 
area can be reduced. Furthermore, a time for calculation 
only when the output frequency is low can be ensured. The 
calculation includes, for example, an error correction of 

10 an output voltage due to a time for prevention of upper and 
lower arm short-circuit of the switching circuit. 

In the embodiment, there is shown the configuration in 
which the reflection timing data indicating the number of 
vertices of the triangular wave signal is included in data 

15 exchanged between the CPU and the ASIC, and update timing 
of the output voltage command can be set in each case, so 
as to enable handling even a case where automatic update 
needs to be performed and the calculation period needs to 
be switched. However, the present invention is not limited 

20 by the case, but various modifications are possible. 

For example, (1) When timing of automatic reflection 
is fixed because the calculation period is fixed, a value 
may be set using hardware by setting ports of the ASIC. (2) 
The ASIC receives the cycle of a triangular wave signal 

25 from the CPU to enable a user to change the cycle of the 

triangular wave signal, but if the cycle of the triangular 
wave signal is fixed, there is no need to receive the cycle 
of the triangular wave signal from the CPU. Accordingly, 
the CPU does not also need to obtain the cycle of the 

30 triangular wave signal. (3) There is shown the case where 
the reflection timing of the output voltage command in the 
triangular wave signal is controlled by the number of 
vertices of the triangular wave signal, but the reflection 
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timing may be set in time base. (4) Furthermore, the 
synchronization signal is used for a timing signal to 
synchronize the vertices of the triangular wave signal and 
the calculation timing of the CPU, but there may be a 
5 method of implementation in which the synchronization is 
not needed. 

INDUSTRIAL APPLICABILITY 

The present invention is suitable as an inverter 
10 device that obtains an alternating voltage with an 

arbitrary frequency for driving a motor in a waveform more 
closer to a sine wave, that is, an inverter device that 
obtains an alternating voltage with less current ripple and 
capable of reducing torque ripple. 



